This study examined the associations of testosterone and cortisol levels with maternal depressive symptoms and infant socioemotional (SE) problems that are influenced by infant gender. A total of 62 mothers and their very-low-birth weight (VLBW) infants were recruited from a neonatal intensive care unit at a tertiary medical center in the southeast United States. Data were collected at three time points (before 40 weeks' postmenstrual age [PMA] and at 3 months and 6 months of age corrected for prematurity). Measures included infant medical record review, maternal interview, biochemical assays of salivary hormone levels in mother-VLBWinfant pairs, and standard questionnaires. Generalized estimating equations with separate analyses for boys and girls showed that maternal testosterone level was negatively associated with depressive symptoms in mothers of boys, whereas infant testosterone level was negatively associated with maternal report of infant SE problems in girls after controlling for characteristics of mothers and infants and number of days post birth of saliva collection. Not surprisingly, the SE problems were positively associated with a number of medical complications. Mothers with more depressive symptoms reported that their infants had more SE problems. Mothers with higher testosterone levels reported that girls, but not boys, had fewer SE problems. In summary, high levels of testosterone could have a protective role for maternal depressive symptoms and infant SE problems. Future research need to be directed toward clinical application of these preliminary results.
Many factors, including maternal characteristics (e.g., education and income) and infant health characteristics (e.g., birth weight and gestational age [GA] ), affect the interactions between mothers and very-low-birth weight (VLBW; birth weight less than 1,500 g) infants. Research has shown that infant gender significantly influences at least two of these factors, maternal depressive symptoms and infant socioemotional (SE) problems (Lagerberg & Magnusson, 2012; Sheldrick, Neger, & Perrin, 2012) . Although findings have been inconsistent, mothers with greater depressive symptoms tend to experience more difficulty interacting with male infants than female infants, possibly because of the greater prevalence of SE problems in male infants (Weinberg, Olson, Beeghly, & Tronick, 2006) . These findings raise important questions as to the underlying biological factors that might explain the vulnerability of male VLBW infants to the effects of elevated maternal depressive symptoms and suboptimal infant SE development. Answers to these questions could ultimately provide a basis for understanding and intervening in the interactions between mothers and their VLBW infants.
We selected testosterone as a biomarker of the genderdifferentiated effects of maternal depressive symptoms and infant SE problems. According to gender-difference theories of brain development (Geschwind, 1987) and social relationships (Baron-Cohen, Knickmeyer, & Belmonte, 2005) , exposure to high levels of testosterone is positively associated with typically male behaviors such as aggression and dominance. As the effect of testosterone on social behavior is presumably moderated by cortisol (Denson, Mehta, & Ho Tan, 2013) and cortisol is commonly used as a biomarker of psychological state such as depression and stress (Lommatzsch et al., 2006) , we examined the association of maternal and infant steroid hormonal (testosterone and cortisol) levels with maternal depressive symptoms and infant SE problems concurrently.
Testosterone levels have been shown to affect psychological status in women, although the findings have not been consistent. Compared to women with normal testosterone levels, women with low testosterone have more psychological problems, including depressive symptoms, diagnosed depressive and anxiety disorders, social phobia, and agoraphobia (Giltay et al., 2012) . In contrast, Buckwalter et al. (1999) found positive associations between testosterone levels and depression, mood disturbances, and anger in women across the pre-and postpartum periods. After delivery, testosterone was positively associated with mood disturbances and depression, while other hormones, such as progesterone and dehydroepiandrosterone, attenuated that association.
Research has also demonstrated associations between cortisol and psychological status in pregnant women, with one study finding higher cortisol levels in mothers with more stressors and depressive symptoms than in mothers with fewer stressors and symptoms (Lommatzsch et al., 2006) . In addition, severity of depression was positively correlated with the late onset of depression after labor, psychosocial stress, and cortisol levels in another study (Saleh, El-Bahei, Del El-Hadidy, & Zayed, 2013) , and these findings were more evident in minority and low-income women (Corwin et al., 2013) . Cortisol levels, however, are altered by long periods of depression or fatigue. Women with chronic depression or fatigue had lower cortisol levels and less diurnal variation in cortisol than healthy controls (Corwin et al., 2013) . Mothers who had post-traumatic stress disorder (PTSD) symptoms and those who developed dysregulation of the hypothalamic-pituitary-adrenal axis, both of which resulted in lower cortisol levels, perceived their infants as more difficult and initiated fewer interactions with them compared to mothers without PTSD (Brand, Engel, Canfield, & Yehuda, 2006) .
The biological bases for infant SE problems, including genetic inheritance and prenatal environmental factors, are often considered to be stronger than external influences. Infant SE problems such as less self-regulation and more difficult temperament are associated with elevated postnatal testosterone levels (Saenz & Alexander, 2013) and with maladaptive responses of mothers to their infants (Muller-Nix et al., 2004) . Positive maternal responses such as extended eye contact during alert intervals occurred more often between mothers and female infants or term infants as compared to male or preterm infants. Female infants had lower levels of testosterone in the amniotic fluid and showed significantly longer periods of eye contact with their mothers than male infants (Lutchmaya, Baron-Cohen, & Raggatt, 2002) . Perinatal testosterone was also positively related to aggression and dominance in young children (Azurmendi et al., 2006) . Thus, empirical evidence supports a positive association between testosterone levels and infant SE problems.
Infant SE problems have also been positively associated with infant cortisol levels (van Bakel & Riksen-Walraven, 2004) . Prenatal cortisol in amniotic fluid predicted low birth weight and high levels of infant fear and distress at 3 months (Baibazarova et al., 2013) . Cortisol levels of mothers and infants are not always positively related, however, higher maternal cortisol levels were associated with increased infant fear and negative affect at 2 months (Glynn et al., 2007) . Mothers reported more SE problems in their 1-year-old infants when the infants had higher cortisol levels in their hair (Palmer et al., 2013) . Infants and toddlers with more SE problems exhibited elevated cortisol levels under conditions of neglectful and abusive care (Gunnar & Donzella, 2002) and of environmental adversity associated with poverty (Blair et al., 2011) .
As demonstrated by the studies cited above, researchers have investigated the role of testosterone and cortisol in various behavioral outcomes in infants and children (Azurmendi et al., 2006; van Bakel & Riksen-Walraven, 2004) . However, little is known specifically about the associations of steroid hormones with maternal depressive symptoms or infant SE problems in the case of VLBW preterm infants who usually have more SE problems than normal birth weight and term infants (Forcada-Guex, Pierrehumbert, Borghini, Moessinger, & Muller-Nix, 2006) . The purpose of the present study was to assess possible associations of these hormones with both maternal depressive symptoms and infant SE problems. We addressed three research questions: (a) Are levels of maternal testosterone and cortisol associated with maternal depressive symptoms longitudinally after adjusting for maternal (age, race, education, and income) and infant (gender, GA, Apgar scores, medical complications, intraventricular hemorrhage [IVH], hospitalization days, technology dependence, and degree of neurobiological insult) characteristics as well as the number of days post birth of saliva collection? (b) Are levels of testosterone and cortisol associated with infant SE problems longitudinally after adjusting for maternal and infant characteristics and number of days post birth of saliva collection? (c) Are infant SE problems associated with maternal depressive symptoms after adjusting for maternal and infant characteristics as well as number of days post birth of saliva collection? We hypothesized that high levels of testosterone and cortisol in VLBW infants would be positively associated with SE problems and the latter would be positively associated with maternal depressive symptoms.
Material and Method
We used a comparative longitudinal research design to answer the research questions.
Participants
We recruited 62 mother-VLBW infant pairs from the neonatal intensive care unit (NICU) of a major academic medical center in the southeast United States. Mothers were recruited if they were (1) older than 15 years, (2) able to communicate in English, and (3) primary caregivers of the infant. Mothers were excluded if they were (1) dependent on narcotics or other nonprescribed drugs or (2) HIV positive or if they had (3) a documented serious medical or psychological problem such as cancer or psychosis before or after delivery. Inclusion criteria for infants were (a) 6-10 days old, (b) less than 32 weeks' GA (GA, which is defined as time elapsed between the first day of the last menstrual period and the day of delivery, ''age terminology during the perinatal period,'' 2004), and (c) less than 1,500 g at birth. Infants were excluded if they were going to be discharged from the hospital before 1 week of age or had a history or symptoms of substance exposure.
Measures
The characteristics of mother and infant (i.e., demographic information and health history) were obtained through maternal interview and prospective medical record review. Biochemical measurements of testosterone and cortisol levels were obtained through enzyme immunoassay (EIA) of saliva samples, as saliva allows for determining the concentration of the free hormones, unbound to any proteins. Maternal depressive symptoms and infant SE problems were obtained through standard questionnaires and an interview. We established the conceptual framework illustrated in Figure 1 based on the possible associations between biological factors (maternal and infant testosterone and cortisol levels) and maternal and infant wellbeing (maternal depressive symptoms and infant SE problems) after controlling for covariates (characteristics of mother and infant and number of days post birth of saliva collection).
Characteristics of mothers and infants. Demographic information collected on mothers included age, race, education, and income. History of pregnancy and labor were collected from medical records and individual interviews with the mothers. Infant information collected included gender, GA, Apgar scores, medical complications, IVH, hospitalization days, technology dependence, and degree of neurobiological insult as assessed by the Neurobiologic Risk Score (Brazy, Goldstein, Oehler, Gustafson, & Thompson, 1993) . Neonatal history was obtained through medical-record review, and infant health history was updated through maternal reports of common health problems and continued technology dependence.
Biochemical measures. Maternal saliva was collected by having women use a straw to expectorate into a small tube. Infant saliva was collected using low-pressure suction with a 1-cc plastic syringe with a blunt tip. All samples were collected in the NICU before 40 weeks of postmenstrual age (PMA, which includes GA and chronological age for preterm infants during hospital stay; ''Age terminology during the perinatal period,'' 2004) because infants have relatively high and stable testosterone levels from 1 week through 3 months of age (Achermann, 2005) .
Salivary testosterone levels were determined by EIA following the procedure provided by the suppliers (Salimetrics, LLC, State College, PA). Intra-and interassay coefficients of variation were 2.5% and 5.6%, respectively. To control the assay outcome for potential circadian rhythm effects, with higher levels in the morning than in the evening in adults for testosterone production and release, we obtained the samples between 8 a.m. and noon. This circadian variation may not exist in neonates, as the levels are affected by sleeping (Wada et al., 2012) .
Salivary samples used for testosterone measurement were also used for cortisol determination. Salivary cortisol levels were determined by EIA (Salimetrics, LLC). The intra-and interassay coefficients of variation were 3.3% and 3.7%, respectively. Cortisol levels in adults are higher in the morning than in the evening. This variation may also exist in infants but not in neonates (de Weerth, Zijl, & Buitelaar, 2003) .
Maternal depressive symptoms. The Center for Epidemiologic Studies Depression Scale (CES-D) was developed to assess the frequency of depressive symptoms-such as blues, difficulty concentrating, and sleep problems-during the previous week (Radloff, 1977) . Respondents rate the 20 items on a 4-point scale from 0 (rarely) to 3 (frequently). Scores range from 0 to 60, with higher scores indicating more depressive symptoms. A score of 16 is the critical point for identifying individuals at risk for experiencing depression. The scale was originally designed for use with the general population, but researchers have subsequently validated it for use with mothers of medically at-risk infants (Cho, Holditch-Davis, & Miles, 2008) . In the original study validating the scale, Spearman-Brown splithalf a coefficients were .85 for the general population and .90 for the patient sample (Radloff, 1977) . The CES-D is correlated with other measures of depression (Shafer, 2006) , and the fourfactor structure of the CES-D-depressed affect, positive affect, somatic activity, and interpersonal relations-is supported for women and longitudinally invariant (Ferro & Speechley, 2013) . In the present study, mothers with elevated depressive symptoms (CES-D score > 16) were screened for suicidal ideation and given referrals for treatment by a psychologist.
Infant SE problems. The Ages & Stages Questionnaires: Social-Emotional (ASQ: SE), a behavioral screening tool, was developed to identify social and emotional problems in infants, toddlers, and young children and consists of a series of eight questionnaires (for ages 6, 12, 18, 24, 30, 36, 48 , and 60 months) designed to be completed by parents (Squires, Bricker, & Twombly, 2002) . Each questionnaire has a 3-month period of flexibility. Thus, in the present study, we used the 6-month ASQ: SE with infants' age ranging from 3 months through 8 months. The 6-month ASQ: SE consists of five areas (self-regulation, communication, adaptive functioning, affect, and interactions with people) and 19 items, with an additional 3 items generated from the mother's general concerns and comments. Mothers rate each of the first 19 items on a 3-point scale: Z, rarely or never, 0 points; V, sometimes, 5 points; and X, most of the time, 10 points. The additional 3 items are scored as 5 points each if mothers express that concern about the infants. Scores range from 0 to 205 (190 þ 15), with higher scores indicating greater risk for SE problems (Squires et al., 2002) . A score of 45 is the cutoff for identifying infants at risk for SE problems. The ASQ: SE was standardized on a national random sample that was representative of the U.S. population including 3,014 preschool-age children and their families. Internal consistency of the ASQ: SE ranged from .67 to .91. Concurrent validity was reported as 81-95%, with an overall agreement of 93% (Squires et al., 2002) . In the present study, mothers of the infants with elevated SE problems (ASQ: SE score > 45) were given referrals for consultation by a developmental behavioral pediatrician and psychologist.
Procedure
The Institutional Review Board at the university approved the study. We identified potential infant participants on a daily basis through the NICU admission log. A research nurse discussed the study with the mothers and provided the informedconsent form for review.
Baseline data collection before 40 weeks' PMA. After maternal consent, the research nurse collected baseline data and saliva samples from both mothers and infants in the NICU before 40 weeks' PMA, as described previously. The research nurse also collected CES-D data on the day of baseline saliva sample collection.
Saliva-sample collection and analysis. Maternal saliva was obtained 1 hr before or after any oral intake. Three samples of maternal saliva, of 0.1 ml each, were collected within a 2-hr period and measures were averaged to minimize the influence of the episodic pattern of steroid hormone secretion (Rosner, Auchus, Azziz, Sluss, & Raff, 2007) . As with the mothers, three 0.1-ml samples of infant saliva were obtained over a 2-hr period. All saliva samples were labeled with study identification numbers, placed on ice, and stored in a freezer at À80 C. Assays were duplicated in batches after all samples were collected. Testosterone and cortisol levels were determined using EIA procedures by a laboratory technician who was blinded to all characteristics of the participants.
Follow-up data collection at 3-months' and 6-months' corrected age (CA). Mothers were asked to visit the research project office with their infants when the infants were at 3-months' and 6-months' CA for prematurity. For preterm infants, the term CA is recommended until 3 years of age (Age terminology during the perinatal period, 2004). The research nurse took the infant's history and physical measurements and then administered the CES-D and ASQ: SE to the mother. The research nurse also addressed any concerns the mother expressed regarding her infant's health and development and necessary referrals.
Data Analysis
Two-sample t-tests and w 2 tests for contingency tables were used to compare demographic and health characteristics of mothers and infants by infant gender. Analysis of variance was used to compare maternal depressive symptoms at 40 weeks' PMA and 3 months' and 6 months' CA. Two-sample t-tests were used to compare infant SE problems at 3 months' and 6 months' CA. Generalized estimating equations (GEEs; Hedeker & Gibbons, 2006) for the entire sample and GEE with subgroup analysis for each infant gender were the main analytic tool for estimating the associations between steroid hormonal levels and repeated measures of maternal depressive symptoms at three time points (40 weeks' PMA and 3 months' and 6 months' CA) and infant SE problems at two time points (3 months' and 6 months' CA). GEE is a popular method for analyzing correlated data, particularly useful here in assessing the populationaveraged effect of testosterone and cortisol on longitudinal outcomes that were measured at different time points. Maternal characteristics (age, race, education, and income) and infant variables (gender, GA, Apgar scores, medical complications, IVH, hospitalization days, technology dependence, and degree of neurobiological insult) and number of days post birth of saliva collection were controlled statistically. To alleviate multiple testing problems, we applied the false discovery rate-based adjustment to the p values obtained. Adjusted p values of <.05 were deemed statistically significant.
Results

Characteristics of Mothers and Infants by Infant Gender
As shown in Table 1 , t-tests and w 2 tests indicate that none of demographic and health characteristics of mothers or infants differed as a function of infant gender, except that female VLBW infants had greater technological dependence and weighed less than males at 3 months' CA and were shorter than males at 6 months' CA. Neither testosterone nor cortisol levels of mothers or infants differed by infant gender. In the present study, 56% of infants were the first child and lived with other family members (number of other family members M ¼ 3.34, range 1-11). They lived with other children (M ¼ 1.05, range 0-8) including (step)siblings, an uncle and aunt, (303) .51 Length at birth (cm) 37 (4) 37 (4) 37 (4) .72 Head circumference at birth (cm) 26 (2) 26 (2) 25 (2) .41 Weight at 3 months (kg) 5.4 (0.9) 5.7 (1.0) 5.2 (0.7)
.03 Length at 3 months (cm) 58 (3) 58 (3) 57 (2) .14 Head circumference at 3 months (cm)
40 (1) 41 (1) 40 (1) .10 Weight at 6 months (kg) 6.9 (1.0) 7.1 (0.9) 6.8 (0.7)
.15 Length at 6 months (cm) 64 (3) 65 (3) 63 (3) .01 Head circumference at 6 months (cm)
43 (1) 43 (1) or the mothers' nieces/nephews whose ages ranged between 7 months and 21 years. Family income of 34% of the mothers was either smaller than US$10,000 or between US$10,000 and US$29,999, and 85% of mother-infant pairs were in the Women, Infant, and Children supplemental nutrition program. About 5% of mothers had a family income higher than US$70,000.
Association of Testosterone and Cortisol Levels With Maternal Depressive Symptoms
We examined the associations of maternal testosterone and cortisol levels with maternal depressive symptoms before 40 weeks' PMA and at 3months' and 6 months' CA using GEE and GEE with subgroup analysis separately for each infant gender after adjusting for the covariates. In the entire-sample analysis, maternal depressive symptoms were not associated with either steroid hormonal (testosterone and cortisol) levels or the covariates. In the separatesample analysis shown in Table 2 , maternal testosterone levels were negatively associated with depressive symptoms in mothers of boys but not in mothers of girls. Maternal cortisol levels were not associated with depressive symptoms in mothers of boys or girls. Mothers of boys reported more depressive symptoms when their sons had a lower 5-min Apgar score, more medical complications, more technology dependence, and fewer neurological insults. Depressive symptoms in this group were also associated with less education and lower income. On the other hand, mothers of girls reported more depressive symptoms only when their daughters had lower 1-min Apgar scores. Maternal demographic variables were not associated with depressive symptoms in mothers of girls. As shown in Figure 2 , mothers reported the highest level of depressive symptoms when their infant was hospitalized in the NICU. Maternal depressive symptoms decreased from before 40 weeks' PMA to 3 months' CA but then increased from 3months' to 6 months' CA. Mothers of boys reported fewer depressive symptoms than mothers of girls at all time points, although the differences were not statistically significant. By 6 months' CA, mothers of boys reported significantly fewer depressive symptoms than they had before 40 weeks' PMA (b ¼ À.83, standard error [SE] ¼ 0.42, Z ¼ À1.99, p ¼ .05), whereas there was no significant change in depressive symptoms reported by mothers of girls.
Association of Testosterone and Cortisol Levels With Infant SE Problems
We examined the associations between infant steroid hormones (testosterone and cortisol) and infant SE problems at 3 months' and 6 months' CA using GEE and GEE with subgroup analysis for each infant gender after adjusting for the covariates. In the entire-sample analysis, we found no associations between steroid hormonal levels and SE problems. Among the covariates, infant SE problems were negatively associated with male gender (b ¼ À8.80, SE ¼ 3.64, Z ¼ À2.42, p ¼ .02) and 5-min Apgar scores (b ¼ À2.86, SE ¼ 1.35, Z ¼ À2.12, p ¼ .04) and positively associated with infant medical complications (b ¼ 3.40, SE ¼ 1.34, 
Association Between Maternal Depressive Symptoms and Infant SE Problems
We examined the associations between maternal depressive symptoms and maternal report of infant SE problems at 3 months' and 6 months' CA using GEE and GEE with subgroup analysis separately for infant gender after adjusting for the covariates. In the entire-sample analysis, mothers with more depressive symptoms reported that their infants had more SE problems than mothers with fewer depressive symp- Table 4 , mothers with more depressive symptoms reported that their sons had more SE problems than did mothers with fewer depressive symptoms.
Mothers also reported that their sons had more SE problems if they had higher GA, more medical complications, or longer hospitalizations. Mothers reported that their sons had fewer SE problems at 6 months' CA than at 3 months' CA. Mothers of girls also reported their daughters had more SE problems when they had more depressive symptoms, themselves, as well as lower maternal testosterone levels. Mothers also reported more SE problems when they had the greater number of days post birth that saliva sample collection occurred. Mothers of girls reported that their infant had more SE problems if the infant had a lower 5-min Apgar score, more medical complications, lower IVH grade, shorter hospitalization, and more technology dependence.
Discussion
We examined the associations of two steroid hormones, testosterone and cortisol, with two measures of maternal and infant well-being, maternal depressive symptoms, and maternal report of infant SE problems, in mothers and VLBW infants. These associations are known to play a role in mother-infant interactions, parenting (Gray, Edwards, O'Callaghan, Cuskelly, & Gibbons, 2013) , and infant cognitive development (Bergman, Sarkar, O'Connor, Modi, & Glover, 2007) , which, in turn, are influenced by infant gender (Lagerberg & Magnusson, 2012; Sheldrick et al., 2012) . Based on the theories of gender differences related to brain development and social relationships (Baron-Cohen et al., 2005; Geschwind, 1987) , we had expected that high levels of testosterone and cortisol in VLBW infants would be positively associated with infant SE problems. However, we found that testosterone levels did not differ by infant gender and were negatively associated with infant SE problems in girls, but not in boys, after adjusting for maternal (age, race, education, and income) and infant (gender, GA, Apgar scores, medical complications, IVH, hospitalization days, technology dependence, and degree of neurological Figure 2 . A plot of the original Center for Epidemiological Studies Depression Scale (CES-D) data for mothers of male infants and mothers of female infants before 40 weeks' postmenstrual age (PMA) and at 3 months' and 6 months' corrected age (CA).
insult) characteristics as well as number of days post birth of saliva collection. Cortisol levels also did not differ by infant gender and did not affect infant SE problems after adjusting for the covariates. As we had expected, mothers with a greater number of depressive symptoms reported that their infants had more SE problems. Mothers of boys who had high maternal testosterone levels reported fewer depressive symptoms, whereas mothers of girls who had high infant testosterone levels reported that their infants had fewer SE problems.
Out of our total sample, 32.3% and 14.5% of mothers were at high risk for depressive symptoms (CES-D score >16) before 40 weeks' PMA and at 6 months' CA, respectively, while 8.1% and 6.5% of infants were at high risk for SE problems (ASQ: SE score >45) at 3 months' and 6 months' CA, respectively. The prevalence of SE problems in VLBW infants in the present sample was lower than what researchers have reported for toddlers or preschoolers, which makes sense, as the problems are more likely to increase with a child's age (Brown, Copeland, Sucharew, & Kahn, 2012) . Our finding of the negative association between maternal testosterone levels and depressive symptoms in mothers of male infants is consistent with other studies reporting that women with lower testosterone levels reported greater levels of depression and anxiety (Colangelo et al., 2012; Giltay et al., 2012) . In the present study, mothers with high testosterone levels showed fewer depressive symptoms, especially mothers of boys, and fewer infant SE problems, especially mothers of girls. Greater depressive symptoms in mothers of boys was associated with the infant characteristics of lower 5-min Apgar score, more medical complications, more technology dependence, and fewer neurological insults. These mothers also showed greater depressive symptoms when they had fewer years of education and lower income. These findings are consistent with other studies showing that male vulnerability to any developmental disability was worsened by lack of maternal resources (Boyle et al., 2011) . Depressive symptoms in mothers of girls were associated only with low 1-min Apgar scores. The influences we found of infant health and maternal demographic variables on maternal depression are consistent with the findings of other studies showing that maternal depressive symptoms are positively associated with poor pregnancy outcomes and negatively associated with availability of maternal resources (Field, 2011) . Since testosterone levels are likely to be independent between mothers and infants (Cho, Carlo, Su, & McCormick, 2012) , the present findings might be understood based on maternal testosterone levels rather than infant testosterone levels or gender. Maternal cortisol levels were not associated with depressive symptoms, although previous studies have found both positive and negative associations (Corwin et al., 2013; Lommatzsch et al., 2006) . It is possible that maternal testosterone levels might be more sensitive than cortisol levels in capturing the differences in maternal depressive symptoms during the postnatal period.
Mothers reported the most depressive symptoms while their infants were hospitalized in the NICU. Depressive symptoms decreased by 3 months' CA but increased again by 6 months' CA, especially in mothers of girls. Mothers of VLBW preterm infants would be expected to show improvement in depressive symptoms by 6 months' CA as their infants recover from medical problems related to prematurity and they, themselves, become familiar with their caregiving role (Kersting et al., 2004) . A possible explanation for our finding of an increase in depressive symptoms in mothers of girls from 3 months' to 6 months' CA is that the girls in the present study were significantly more dependent on technologies than the boys at 3 months' CA. It's also possible that mothers of girls worry about their infants more than mothers of boys, resulting in more depressive symptoms at 6 months' CA. Mothers of boys showed fewer depressive symptoms than mothers of girls during the study, although the differences were not statistically significant. Depressive symptoms decreased over time only in mothers of boys.
We also examined the associations of infant salivary testosterone and cortisol levels with infant SE problems during the first 6 months' CA. For boys, we found no association of either testosterone or cortisol level with infant SE problems after adjusting for the covariates. For girls, infant testosterone levels were negatively associated with infant SE problems after adjusting for the covariates. It is possible that the positive association between testosterone and infant SE problems that previous researchers have reported (Azurmendi et al., 2006 ) is restricted to term healthy boys (Saenz & Alexander, 2013) and does not apply to VLBW preterm infants such as the ones in the present study. Infant cortisol levels were not associated with SE problems in either boys or girls in the present study, possibly because the cortisol levels were not high enough to capture the differences. In general, cortisol levels are lower in preterm than term infants while the preterm infants are in the NICU and up to 3 months' CA (Grunau et al., 2007; Watterberg, Gerdes, & Cook, 2001) . Regarding testosterone, the postnatal period in term infants is a time during which one of three testosterone surges that occur throughout the life course happens, with the other two being in the second trimester of fetal development and puberty (Bouvattier et al., 2002) .
After adjusting for the covariates, we found that mothers of boys reported that their infants had more SE problems if the infant was born at an older GA or had more medical complications or a longer hospitalization. The mothers reported that boys, but not girls, had fewer SE problems over time. On the other hand, mothers of girls reported that their infants had more SE problems if the infant was born at a younger GA or had a lower 5-min Apgar score, more medical complications, lower IVH grade, and fewer hospitalization days. After adjusting for the covariates, we also found that mothers of girls who, themselves, had higher testosterone levels reported that their infants had fewer SE problems than did mothers of girls with lower testosterone levels. Number of medical complications was the only factor positively associated with infant SE problems in both genders, suggesting an influence of infant health (and possibly worry about infant health) on maternal report of infant SE problems.
Finally, we examined the associations between maternal depressive symptoms and infant SE problems. As expected, maternal depressive symptoms were positively associated with maternal report of infant SE problems, regardless of infant gender, even after controlling for the covariates. This finding is consistent with those of other studies, showing that mothers with more psychological problems perceived their infants as more of a burden and more difficult (Austin, Hadzi-Pavlovic, Leader, Saint, & Parker, 2005; Palmer et al., 2013) . Along with the negative association we found between maternal testosterone levels and infant SE problems, this finding suggests that high maternal testosterone level could reduce maternal perception of infant SE problems possibly by reducing the risk of depressive symptoms.
A limitation of the present study is that 6 months' CA does not provide sufficient time to explore all possible associations between steroid hormonal levels and psychological and behavioral problems of mothers and infants. Though we applied the false discovery rate-based adjustment to control the proportion of false positives, which could have occurred because of the multiple testing, the findings from this exploratory study require replication before clinical applications are explored. We collected saliva samples only once in the postnatal period, but it is necessary to examine longitudinal associations between steroidal hormone levels and maternal depression and infant/child SE problems during late infancy and early childhood before making any further conclusions because different levels of hormones might change the associations. However, our findings do suggest that a high level of maternal testosterone could have a protective effect for the variables of maternal depressive symptoms and maternal report of infant SE problems in mothers of VLBW infants to 6 months' CA.
